For a diffusion barrier against Cu, tantalum nitride (TaN) films have been successfully deposited by both conventional thermal atomic layer deposition (ALD) and plasma assisted atomic layer deposition (PAALD), using pentakis ( 
INTRODUCTION
Copper (Cu) interconnection is the most promising candidate for next-generation high-speed ultra large integrated circuit (ULSI), because copper exhibits lower resistivity and larger electro/stress migration resistance than conventional Al-based materials [1] . However, it is well known that Cu can diffuse easily into Si and SiO 2 to form copper silicide at a temperature as low as 200℃. Moreover, Cu acts as a deep-level contaminant in Si that deteriorates the device performance [2] . Tantalum nitride (TaN) has many good advantages as a diffusion barrier. It shows not only relatively high melting point (2100℃) but also thermo-dynamical stability with respect to Cu. Atomic layer deposition (ALD) processing method is based on self-limiting surface reaction occurring between substrate surface and the depositing film, ensuring monolayer thickness control, and therefore enabling the growth of perfectly conformal, continuous, and atomically smooth films [3] .
In this work, we investigated two different of TaN layers, which were deposited by conventional thermal ALD and plasma assisted ALD (PAALD), on the thermal stability as diffusion barrier for the structures of Cu/10 nm-thick TaN/SiO 2 /Si.
EXPERIMENTAL DETAILS
TaN films were deposited on 80nm-thick SiO 2 /Si wafers at a deposition temperature of 250℃, where the temperature was proven to be ALD window for TaN deposition from our previous experiments. 10 nm-thick TaN films were then deposited by both ALD and PAALD.
Schematic configuration of reactor was shown in Fig. 1 . The quartz tube was wrapped with a multiple-turns coil connected to RF generator set at 13.56 MHz with a power level up to 250W
(Inductility coupled plasma type). The properties of as-deposited PAALD and ALD TaN films are summarized in Table 1 . A TaN film deposited by PAALD has higher density and lower impurity concentration than those obtained from thermal ALD TaN film. This explains, as shown in Fig. 3 (a) and (b) , the PAALD deposited TaN films experience negligible aging effect on sheet resistance over 1000 hours after deposition. On the other hand, the sheet resistance of the thermal ALD deposited TaN film was rapidly increased when the exposure time of the film in the air exceeds 140 hours deposition after. The annealing was performed at temperatures ranged from 400 to 800 for 30 min ℃ ℃ in N 2 ambient. As shown in Fig. 4 growth in the copper film, and then remained almost unchanged below 600℃. At 700℃ there is a rapid increase in resistivity, which seems to be either increase of resistivity due to the formation of Cu 2 O or sudden degradation of diffusion barrier properties. However, as shown in figure 4 (a) and (b), it was confirmed that the intensity of Cu 2 O increased with increasing annealing temperature, but Cu 3 Ta 11 O 30 phase appeared at 700℃ and 800℃ for thermal ALD and PAALD TaN film, respectively. This explains that the increase in sheet resistance is mainly due to the formation of Cu 2 O around 600℃ and the barrier properties against Cu is maintained up to 700℃ and 800℃ for thermal ALD and PAALD TaN film, respectively. A similar behavior was reported by W. H. Tech [7] . From XRD analysis, PAALD TaN film (10nm) was found to be thermally stable below 800℃ (100℃ higher than ALD TaN).
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